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IIIin sic rs _!caniak ~scerd liidcnS tie ilSpciCS door1 dIC Vcrcnig.dc Naiic (I INSCOM) in 1 991 inl
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het rcaciieiwensel. De ecko/en alcoholen wvcrden beperki tot primlaire en secondaire aicoholen.
die hovendico relat tel' goedkoop waren. Op dele man icr wverden ongeveer 60 massaspect ra

opgnom I. om hesi udering va de tragmentat iepatroe Lit de verkregen miassapcr

werilen enikele ali.eniene regeis afgcicid. Deze kunnen niogeiijk dicrnen yoor de identificatie vanl
tlie %arin Iinoiiili-icn. waarvan Lceni niassaspeciia 'verden uipoenomen.
De uiilgevoerde %luitii beeLii cen groic hoeveiiieid inlorniatic opgeievcrd, weike het mogeiijk
iiaakt aikyi'cycloalky, sarinen site[le kunnen identiliceren indien deze zouden voorkonien In lc
.inalysercn mionsters.
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Dc ' crkrcgen mnassaspectra erden opgenornen in de NATO SICA database en levens ltr
beschikkin,- uesteld aan de ()PCW ('Or'-anisation For the Prohibition ot Cheinical Weapons" als

onderdeel van het Nederiandse hod, waari toceang tot de databases met chroniatogratische en
"IpeCtronietiche gezesens van he( TNO-PM1L wverd toe!ee,ed.
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INTROt'CTION

The Schedule-I list of the Chemical Weapon Convention (CWC) contains hoinologue seric\ of
alk\ I and c~cloalkl mc i hlphosphonofluoridates (alkylrcycloaIlkyl I< C10) 11] . Somc ofl these
compounds are well-known chemical warfare (CW) agents such as :;arin (alkyl : isoprop.l) and
soman alkl I: 1.2.2-triniethylpropyl). The trivial name sarin is sometimes used as the relerence
compound name, i.e. cyclohexyl satin instead of cyclohexyl I nlietylphosphonotluoridate. All
compounds are commonl\ named G-agents.
The second Round Robin international verification exercise carried out in 1990 [21. and also the
analysis of Iraqi samples during the United Nations (UNSCOM) inspections in 1991. made it
clear that there are other G-agents than the ones incorporated in the NATO SICA AEP-10
Handbook [31. In the second Round Robin exercise, octyl methylphosphonolluoridate (octyl
sarin) isomers were used as example,; of unknown G-agents. In tile samples taken at Muthanna
(Iraq), compounds such as secondary and n-butyl sarin were found.
In order to perform a rapid identification of these compounds, data have to be gathered of as
man,, homologues as possible. Ideally, this may be done by preparing a large number of sarin
homologues. followed by the recording of the spectral data. As this would be a long and costly
programme. an altemative was developed. By mixing an alcohol with tile precursor methylphos-
phonodifluoride in methylene chloride, some conversion to a corresponding sarin will take place.

Mass specta of the sarin homologues can easily be obtained after analysing this mixture by as

chromatography -mass spectrometry (GC-MS).
In a search of the availability of aliphatic and cyclic alcohols, over 300 were identified, which
could be purchased as fine chemicals [41. Tile alcohols chosen for this study were restricted to
primary and secondary alcohols as well a., to relatively inexpensive ones. Tertiary alcohols react
rather slowly. Furthermore, it is unlikely that a G-agent will be produced for a chemical weapon

system starting from expensive alcohol.

In this report, the electron impact (El) mass spectra of the G-agents prepared with tile selected
alcohols are presented and discussed.
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3.1 Recordling of maiss spectra

As dii MI eVmple ile resu Llt Of' a CC-N'IS anal s 51 of the reaction mixture ohtained atter imx in n -
hutao 1101m ith mieth\ Iphos phoniodifluoride is presented Ill FHgure I . 'hle very vrolatikl precursor
meths ~ipIhosphionodLitILuoride co-elutes wIth thle solvent methylene chloride. The conversionl was
rather small as can be deduced from thle ratio between the alcohol peak and that of thle corres-

ponding satin. Despite this low conversion, good quality mass spectra of' the ;arin homiolo)_LCues
could generall\ be obtained (see for example Figure 2). Attempts to produce sarin honiologuLCs
t'rom tertiary alcohols as well in this wa were unsuccessful due to the ver,, low conversion.
Mdultiple CC-peaks mnay be observed due to the presence of' stereoisomers. A -ood examiple of
such a splitting waS Obtained for I .2-dimethylbutyl sarin. wich contains three chiral centres. No
differences were noticed in the El mass spectra of thle stereoisomers oftile compounds anal\ sed.
AllI alcohols used durine, this study are compiled in Annex A, M hereas the recorded F] mass"
spectra of the sarin hiomoloL-ues are presented in Antnex B (Tables I - 7). The ahbrevilations of thle
alkvlI chains are zJded to the tables. M'vass spectra (of' (the kno%% it CW agents sarin WIMt . ;oman

I 22TM1Pr) and] cN clohexylI sarin (C6) hlavo been included for- comparison as t ell.

10 94036-1

50

2

0

100 200 300 400 500
1:46 3:31 5:15 7:00 8:45

1 :n-butanol

2 n-butyl satin

Figure Resulting, gas chroinatograrn obtained after anailsing the reaction mixture between
methtvlphos,?vlhonodeifluoride and n -hotaol in methvlene chloride
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3.2 Mass spectral fragmentation

Because methyl sarin (MW 112) cannot lose an alkene,,alkenyl group, it is Io be expected that its

mass spectrum (see Annex B, Table I ) is different from the other alkyl sarins. A loss of formal-

dehyde from the molecular ion leads to the base peak at tmz 82 with the elemental composition

CH 4OPF. Methyl sarin is the only compound which produces a molecular ion. All other

compounds analysed, even ethyl sarin, (lid not produce a molecular ion. Consequently, full

characterization of the sarin homologues by chemical ionization has to be carried out as well, in

case they are found in real samples. This can either be carried out under positive ion conditions

leading to protonated molecular ions ([M + H}+ ) or under negative ion conditions resulting in a

loss of a proton ([M - H]).

Fragmentation of the sarin homologIes is rather strai2htforward and has been described

previously for sarin and soman [7. 81. All compounds analysed in this study give rise to the

phosphorus-containing ion at m z 99 (CH 5 0 2 PF), which is either the base peak or relatively

abundant. This ion results from the loss of an alkenyl/cycloalkenyl group from the molecular ion

and is very characteristic of mass spectra of sarin homologues. In addition to that particular ion.

the mass spectra consist of fiagiiaiis due to the alkyl/cycloalkyl moiety aw well as of other
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The mass spectra of the lower members of the sarin homiologues are thie most informative for
considering the fragmentation processes. When the alkyl and cycloalkyl chains become longer.
the mass spectra tend to correspond more and more to those of the corresponding alkenes/cyclo-
alkenes. This is illustrated in Figure 3, where the mass spectra of 4-t-butylcyclohexyl sarin and
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ig~ure 3 Aasssp et ira of 4-1-hulliclr i~ ' /ai p) andi 4-t-butvlt-vtohexene, (bhot, taken
firomt the NIST/H'A/MSI)C database 191)
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As. an e saiipl. of' the l'ragnientation of- a highly branched al kyl Sarin. lhe miass spectum (11
2.2-dlinjethy proipyl sarin ( MW 16(8), prepared fromt iethvlphospion ic di Iltioride and 2 .2-di -
tnethvlpropanol ( neoptentyl alcohol), is presente~d in Figure 4. D~ue to the three methyl groups
Subitled at thec C-2 positio 'n, Isohutene is lost from the molecular ion resulting in in/z 112 a
(fhe base pe.-.k. The relative intensity of' the characteristic phosphoruIs-containing ion at 111/
(y) (0l15( )PF) 1% less than 40"('. Searching for this specitum against the NATO/SICA database
did not lead to at match wvith a (kigent. This IS a gOxKl e.Xale cA*the starting point *this study.
denii~fsrwling that data on the various sarin lloI11)I()ties are needed in order to perl'orm a rapid
identification.
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3.3 )ata transfer

All recorded mass spectra were taken up in the TNO-PMI. mass spectral library as Well as in the
NATO SICA database. In order to transfer the data of the sarin homologues to other NATO
nations, tile recorded mass spectra were converted to a PC in the ASCII format used by the
NISTEPAMSDC database [91. An example of such a format is presented in Table 3. Each mass
spectrum is accompanied by the following general compound information: systematic and trivial
name(s), CAS registry number (if available). Wiswesser line notation, elemental composition and
molecular weight. Furthermore, the source of the mass spectrum as well as the most important
recording conditions were noted. The spectra and this general information may be added to the
NISTYEPA/MSDC database under "user spectra", allowing a fast search of the data.
The mass spectra of the sarin homologues were also transferred to the Organisation for the
Prohibition of Chemical Weapons (OPCW) as part of the Netherlands bid to give access to the
TNO-PML chromatographic and spectrometric databases. The data may be used for tile creation
of the OPCW analytical database [10].
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(author project manager) ( author)
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.- NNEx A Aut oiOs USED)

.Aliphatic alcohols

C [1 ; )H Methanol
C'IO Eis)lIthanol

(idI7OHPriopanol- I
C4 fh9 0fA Bumnol- I

Btanol-2 (sc hutanol)
\Iethy'Ipropanol- I ( isobutanol)

[A1 0 PentZ11ol- I
Pentaniol- 2
Pcntanol-3
2-McthN lbutanoI- I

3-McthN Ihutanol- I
3- Methylbutanol-2
2,2 -D[imethN .Ipropan io- I uceope nt v alco hol)

(', Ofi HexanoI- I
HeC.inol- 2

HcxanoI-3

'-\crypentanol I
3-Methylpentanol- I
4-Methylpentanol- I
3- MehylpenranoI-2
4-Methx'Ipentanol-2
2- Methylpentanol-3
2-1EthvlIbutanol- I
3.3-Diniethylhutanol- I

C7 H 150H Heptanol- I
Heptanol-2
Heptanol-3
5- Mthv Ihe xanol -2

2-Methylhexanol-3
2.3-Dirnethylpentanol- I
2.2-DirncthvlpcntanoI-3
2.4-Dirncthylpentanol-3

CSH 1 70H Octanol- I
Octanol-2
Octanol-3
6-Methylhcptanol-2
2,2-Diniethyihexanol- I
2-Ethylliexanol- I
2.4.4-Trimethylpentanol- I

Ct9H I 90H Nonanol-I
Nonanol-2
2,6-Dirncthylhcptanol-4
3.5,5-Trirnethyihexanol- I

ClOH 2 10H Decanol- I
Decanol-2
Dccanol-4
3.-Dimethyloctanol- I
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A 2

('vclic alcohols

(>fl)OH (iNclopcntanof

('7H I ;( )Fi- C'Ncloheptanol

(7',c I(hc . Ix ethanol

2-ierh c \ciohevt nolt

3-N'1erh Icycloheanol

4- lthylcx clohexaflol

CS1H 5011 (jvclooctano!

4-Fliv cxclInhexanol

2,2-imncth% . cyclohexanol
2 .6-I)itcithv Icvcltohc xzannl

3.5 -1)i nethy Ic, cit theanol

C"i1701-1-ylhx )rpnl

C, lit 1 I)( )fi - -I opro p\ 1-5-men i thy cclohe xanol (men th x I alcoholh)
4-t- BtIcclohlexanol
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ANNEX B NIASS SPECTRAL i)ATA

Tlab/c I Alavi v, ..i'i data 11a, relativc intlitc. ixt) atky-mctlhypha.p/honofluarit.acA

.lkyl Me iF Pr I NEt Bu I MPr 2MPr PC IMBu 2MBu 3MBu

H 2 126 140 14(0 154 154 154 168 168 168 168

rnlz
26 (.8 3.2 1.5 1.1 2.2 2.8 1.6 1.6 1.9 1.2 1
27 - 7.5 7.3 7.3 9.8 12 8.7 5 12.4 13.2 6.3

29 5.6 12.6 4.7 2.3 8.8 12.6 9.7 5.7 13.1 22.2 S.1

3(1 1.2 (.8 0.6 0.8 - 1.2 - (0.7

31 4.8 1.9 5.2 1.1 1.5 (,7 1.4 0.6 I -

37 0.8 2 (.8 0.9 0.7

38 0.7 . 1.5 2.3 I 2 0.8 1.4 I

39- 8.2 12.2 10.2 12.9 17 6.6 15 17.1 8.9
40 2.4 6.4 1.9 2 3.5 1.5 3.2 3.4 2.1

41 13.5 12.9 28.9 38.1 38.2 12.7 19.2 35.7 13.9

42 (1.8 12 12.2 2.3 1.6 3.4 15.7 20.9 20.6 9.8

43 (.6 2.5 5 15.9 3.1 2.9 7.8 3.3 12.7 8.1 7.7

45 1.5 4.9 - ().8 - - -

47 11 7.2 3.7 2.9 2.6 2.7 3 1.5 2 4.8 2.1

48 (1.9 - - - - - -

5( 1.9 1.1 1.4 2.2 1.7 - 0.8 0.8 0.7

51 0.5 - 1.3 0.9 1.9 0.6 - 1.1 0.9

52 - 0.6 0.6 0.9 - 0.7 0.6 0.6

53 - 2.4 2.8 2.3 2.6 4.4 4 3.8

54 2.4 1.6 1.4 (.8 1.4 1.9 1.7

55 7.2 8.8 8.6 19.3 40.5 47.4 38.1

56 21.7 22.9 25.4 I 1.7 3.6 2

57 2.9 5.9 3.6 0.6 - 0 1
58 - 1.5 - - - - -

59 - - 2.4 0.8 - -

63 1.4 0.6 - 0.5 0.6 - -

65 - 0.7 - 0.6 -

66 1 0.6 0.7 - -

67 34.5 8.9 4 2.2 2.4 1.3 4.7 3.6 2.2 6.5 4.4

68 - - - - - - 2.1 1.3 0.7 2.3

69 3.3 1.5 3.4 2.7

170 10.2 20 59.4 40.3

171 0.8 2.9 5.3 2.6

78 - 1.2 - - - - - - - - -

79 5.1 3.6 2.8 2.6 1.2 2.2 1.7 1.9 2.8 1.6

80 0.8 4.4 1.2 1.6 I 0.8 0.9 0.6 0.7 1.2 0.7
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lab/tc /I ( )fl/infUl'd)

AlkvI Me H Pr I W't 1311 I MPr 2M1r Ile IMIBu 2MBi 3MWBu

,IW IIi 126 140 140 154 154 154 168 168 168 16X

Xl 22.3 49.4 32.S 11.4 lx 8.6 12.9 10.4 7.5 21.1 12

82 100 24.3 13.3 1.4 13.6 1.2 54.3 5.8 2.8 61 5.2

83 .3 6. 2.7 O.5 1.4 0.6 2.4 ((.7 0.8 2.6 0.7

93 0.9

97 10.3

98 - 6.1 2.5 2.7 1.9 1.6 1.3 1.1 1.6 1.9 1.8

99 1 ( 100 100 1(X) l(H) 100 10W I100 1(0) 1(9)

I1( ) 1.7 1.3 1.6 1.5 1.3 1.1 1.4 1.1 1.4 1 5

1I1 2.6 36.1 22.5 6.2 - 2.4 2.6 1.9 1.7

112 5.2 (.6 1.7 4.9 77.9 2.6 94.6 2.9

113 1.2 0.9 .5.4 

124 
- ,7 1.7

125 5.2 4.9 36.4 8.3 50.8 .- 49.2 9.8

126 - - 1.7 - 1.6 1.7 5.6

139 0.7 5.8 2.7 2.2 - 4.3

153 
5 - . -

Me methyl

Et ethyl

Pr propyl

I MEt I -methylethyl (Isopropyl

Bu butyl

I MPr I -methylpropyl

2MPr 2-methylpropyl

Pe pentyl

I MBu I-methylbutyl

2MBu 2-methylbutyl

3MBu 3-methylbutyl
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la/t,' 2 . sax % .(, al dat (i n I. rcIatitc intcnitt p alk 'l-m eth ph pho acr u idat

AA1kv/ I EPr 12 22 Hc I MPe 2MPc 3MPc 4MPc I Ftu 21'Bc 12
l)MPr 1)MPr I)M Bu

Il f' o, 168 168 182 182 182 182 182 1 2 ,)82 IS 2

26 0.9 1.9 1. 0.6 1.7 O.s

27 6.8 10.4 S.4 5.4 5.8 11.9 i1.3 3.5 5.7 6.3 I Ls

29 7.4 13.1 15.4 6.4 5.4 11.1 25.7 .5 5.3 7.7 16
SO1 - - .5 - - 0.3O1.5i 0.9

31 1.4 - 0.6 1.1

37 - 0.8 - -

3, 2.1 1.6 - (.6 - 0.7 --

6.4 19.7 15.9 5.1 5.3 12.7 16.5 4.1 5.2 6.5 I1.0

40 1.1 2.8 3.3 0.7 1 2.6 3.2 1 (1.8 I I.

41 19.5 26.2 25.3 13.8 13.8 31.4 37.? i?.o 14- I 37
42 7.4 13.9 7.5 8 9.4 15.8 12.2 5.5 6.2 7.9 4.7

43 s -6.2 4.1 1.6 S.8 29.9 15.4 10 6.8 19.9 17
44 (1.7 1.5 1,2 - - 1.8 - - 0.6

45 6.8 - 0.7 - -

46 - - - - - - - - -

47 2.3 6.6 2 1.6 1.6 2.7 5.4 1.3 1.5 1.9 3.1

48 -

49

50 1.6 1.6 - 0.5 - (.7

S1 2.2 2.2 0.7 1.4 0.7 1.6

52 0.9 I - 0.7 (.6
53 1.5 6.6 6.6 1.4 1.5 2.8 6.9 1 1.5 2.8 4.8

54 0.9 2.1 1.9 1.8 1.5 1.9 7 - 1.5 2.6 2.1

55 14.6 61.4 65.2 14.3 14.7 2.4" 39.8 4.4 17.8 27.2 20.5

56 0.9 3.5 4.9 14.5 10.1 34.1 32.3 17 6.2 16.4 14.1

57 1.1 - 25.4 1.2 1.7 2.2 7.5 1.1 0.8 0.9 7.4

58 I
:65 0.8 0.6 0.8 0.6
66 2.1 0.6 - -

,67 1.6 6.6 6.2 1.5 1.9 2.9 7.4 1.6 1.5 3.6 4.7
68 0.9 2.8 - - 0.8 1.4 0.6 - - -

169 0.9 4.3 2.2 5.7 10.2 31.2 47 17.3 4.2 35.6 50.5
70 7.7 56.3 15 - 0.6 2.1 5.2 0.9 - 2.1 3

i71 2.1 12.1 2.2 2.5 - - 2.1 -

78 1.3 - - - - - -

179 1.2 2.8 0.9 0.7 1.2 1.3 2.5 I 1.2 1.7 2
180 3.2 0.6 - - 0.7 1.6 - - 0.8 I.
181 6.2 16.6 8 7.9 6.1 11.4 16.6 7.1 5.3 13 10.8
182 1 45.7 27.5 3 2.8 35.3 6.9 1.9 0.8 38.5 53 8
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Fibit 2 UfhfI~i

A A V1 I I: pr 12 22 He I 1 MIle 2N~ I Ie IIIc 4 \ lec IHlii 2! Itu 12

D1Mlr DMPI DI )\i~l

'110,* (6S 168 168 182 Ih2 I(8.2 1 N2 1 2 Ills-,

mnk
83 .6 K. 7 1 - 0.7 .A I I' .1 S

84 - - 2.3 9.9 26.9) 1' i -1

85 -- - 1.8 21.6

98 IV I 7 0.7 0.9 1.6 (() 2

I9 W0 I0W 33.8X I M 10 1 (X) ImN ! O

I(XM 1 1.6 - I I. 1 3 2

1MI- 0.

Il I 1 0.6 1.2 (.2 1 h

1 12 -1(W) .1 - t) 2. K

113 - 5.4 26

124 - 7.5 - - 1.7

(25 - 79.1 I 44.4 - 4A4 ( '4

(2_6 - 45.,9 - - 2 . 4.0 74,

127 4.6 - . 4.5

(38 1.9 ) .2

139 39.4 . - 0.9 . 1 4.7 (8.8 -

140 1.7 - 0 - (.7 o.

15 3 - 4.2 9.4 1 . 5.3 2.3

154 - - . - - . --

(67 - - - - 2.6 - - - -

I EPr I1-ethylpropyl

1 2DMPr 1 .2-dirnethlylpropyl
22DMPr 2.2-dimethyipropyl
He hexyl
I W~e I -methylpentyl
2N4Pe 2-methyipentyl
3MPe 3-methylpernyl
4MPe 4-methylpentyl
I EBu I -ethylbutyl
2EBu 2-ethylbutyl
1 2DMBu I .2-dimethylbutyl
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H5

la7 r/i 3~ AJOA l e'tlI da .I t./ati y) o- a/kyvi-icth? h )vg/In)lh 'ri/atU.

.lkVI 13 33 I L2MPr 122 Hp I MHx I l-Pc 14 23 1 NMIBu

)MIBu DI Bu TMPr I)MPc [)%1Pc

1S2 1, 2 Is2 182 196 196 196 196 196 196

Inkz

26 - I 1.3 0.8 3.4 2.8 1.I

27 6.6b 2.7 9.5 4.S 10.9 6.) 22.4 31) 2. 16.4

2) 4.2 4 7.6 7.7 14.7 7.2 22.2 26.4 4.1 I 2.6

30 - 0.6 - - - --

31 - .6 . 0.7 0.6 I 2.4

37 - - (0. 1.2
1.2 I 1.2 i.) 2.1 I

29 7.3 3.9 1 1.8 8.3 10.1 9.4 24.3 28.8 5.3 15,5

40 1,5 I 1.7 i.6 3 1.8 5.2 5.8 I 2.1

41 24.3 20.9 35.6 34.) 26.8 23.2 56.1 54.3 20.3 14.9

42 5.8 I 4.7 2.7 15.3 7,3 16.3 9.8 2.6 3.9

43 I5X 3 12.7 7.6 1 1.1 7.2 14 44.4 S.1 11.5

45 o.8 - - 1.9 (0.6 0.9 1.2 -

47 2 I 1.6 1.8 2.7 1.6 2.2 4 4 4

48 - O - - (.8

50 0.8 - ) 0.9 1.9 1.9 1.1 1.3

51 (1.7 I 0.7 0.9 1.3 2.9 3.1 0.6 1.6

-5 0.6 - 0.6 0.7 1.7 1.4 0.9 (1.7

53 1.9 1.8 3.3 3.5 4.1 3.9 8.1 7.8 2.9 5.3

54 0.6 - 1.8 0.8 5.7 4.7 9.5 7.9 - 4.3

55 5.4 3.5 34.1 6.2 23.4 29.9 51.1 51.9 20 47.5

56 5 3.9 9.8 2.2 23 35.9 59.5 73.9 10. 1 28.3

57 2.2 14.1 1.9 16.2 9 8.7 13.1 27.8 10.6

58 10.6 - 0.8 - - 0.8 1.3 -

59 - 3.5 - -

63 - - - - 0.6 I

65 (0.7 0.7 0.7 0.8 1.7 1.1 0.7 -

66 - - - - - - 1 0.7 2.2 1.7

67 2.7 2.2 4.2 2.6 5.5 2.9 6.1 5.7 4.2 5.2

68 0.8 0.9 1 0.9 4.3 2.3 3.9 2 - 2.3

69 52.2 41.9 36.1 48.1 14.5 24.3 39 30.7 43.2 39.6

70 2.7 2.7 2 2.8 15.3 14.6 18.4 17.6 18.4 6.6

71 - 0.6 - - 1.6 0.9 1.2 1.2 - 1.4

77 0.7 1.4 1 0.9

78 - - 1.1 - 0.6 0.7 - 3.1 1

179 1.3 0.6 1 1 2 2.2 2.2 2 1.2 2.2

18() 0.6 - - - I 1.4 1.2 1.2 8.8 3.4

I81 6.7 5.6 6.3 7 11.7 7.2 7.2 9.7 I1.1 10.3

82 4.4 1.1 6.5 38.1 4.5 2.8 2.1 3 7.1 2.7



Ar4NE~ X

AMMI I I 3 )NB I.2 r 2%12 1 )NIH IIP 4L 2f Al PC

it)\ ku2 )S2l H~ [N90' 19 10 11)0 19

N32 9 . 218 2. 11.4

0. .4 7.4 3.

0.6 0 .7 2.7 1.0 1 0

07 08S 0.8 1.1 S L 1.

-8I) 1 ~ . 4.0 7. 4 28.3 14.) 44-.3 1 4.9

10) 1 W8 8 I (X 1 78.2 100 10(0 1 (X) 100 100 1 N

1(X)1.2 1.2 1.1 (). .7 1.0 7.

101 - .),7

112 1.7 22.2

1 13 - . '

12.4 1.2

I25 41.5 ;.7 11 3.3 1A4 44.4 1. 18.1 0.6 18.4

126 . 28.6 - 100131I .

127 - 1 3.8 -

i 18 . - 8- 1. -

139 (1.x 37.9 1. . . 3

1-4) 1 11.3-

141 - - 0.8 ---

152 - (.8

153 - 9.9 (1.7 - 2.2 - 54.9

54 0 (.7 - ---

I5 -is - - - -

167 1.1 -- - -- 9.5 -

168 - 0 -- (.6 --

13DMBu 1.3-dirnethylbutyl
33DMBu 3,3-dimethyihutyl
I E2MPr I -ethyl-2-methylpropyl
I 22TMPr I .2.2-trimethyipropyl (pinacolyl)
Hp heptyl
I MHx I -methyihexyl
I EPe I -ethylpentyl
I 4DMPe I ,4-dimethylpentyl
23DMPe 2,3-dimethylpentyl
I MEBu I -(I -methylethyl)butyl



i/,,, 4 A{ I I: iali [

.(IkOt 11122 lx I, Mlip 1t.11\ 2 tI I,) 1 2 441

)I)It .\1Mi \ Ik \,Ifl\ NI C

A.M , 1 21( Q0 90 1 2141 i) 2.1 W 2W)

447!II I 3, I . ! .9 2 .1 I t

19.._13-N7 6.",5.2 4.7 I

29 26-7 I ".1 11.6 12.6 2'(). _ 6' I? I S, ti ,

I .1 1.5 II

1 1 2.2 u S 4.7 - I 4 2.2 15.19 .]J.-I I1. 1 105 !2.0 0 7 1 7 -10 Sl, I Io

40 5 2.7 2.2 3.81.4 54 49 3.6 ;2) .

42 7,, . 13.9 1 ,.8 24.9 15.7 14.4 ,. 54A

4- I, 22.5 14.5 12.3 13.2 16.4 23.2 . 12-

-5 0.9 1 1.5 .

47 4.- -1. 3 .,6 4.7 1.2 27 3.3 2.

48 I 07 1 2 .."7

5(1 I ((.7 O's I 0.9 .,

5I 2.4 1.5 1.4 1.4 2.2 1.1 . 3 1.1

52 1.1 1.7 0.8 1.1 1.3 4.3 0.7 1.7

(44.6 6.9 4.6 5.3 S.7 6.9 6.6 7. 5 .0

54 3 3 4.8 6.5 5.2 8.2 5.'9 4.3 3.3 I.S

69.2 I(X) 25 5 54.2 69 63.1 41.8 51.3 42.5

56 14.3 27.1 20.6 35.3 45.2 26.6 4S.8 21.7 25.6

57 4(0.X 17.8 7. 13.5 17.5 2.8 28. 3 37.9 45.1

58 0.8 0.7 1.2 0.6 LV , .) 1.3 4
59 07 1.8

63 1.4 (4.7 1.4 0.6 3.3 1.1

64 - - - - 1.5 -

65 1.6 2.1 1.3 1.8 1.8 3. 1 I 2.5 0.8

66 2.) 2.2 1.1 2.4 1.1 4.8 2.8 -

67 13.6 8.6 8.7 9.9 11.5 18.1 6.6 13.7 4.2

68 2.1 2.7 6.8 4.3 6.8 6.3 6.8 5.1 1

69 65.5 5.5 16.7 26.2 35 20.7 35.6 21.1 15.2

*70 25.4 5.4 20 45.7 49.5 74.4 31.8 22.2 16.1

71 - 1.9 3.6 5.6 6.5 9 7.5 3 2.9

77 1 0.7 1.9 1.3 1.7 1.6 0.8 4.3 0.8

78 2.8 2 0.9 3.4 - 9.6 I 2.6 -

79 2.1 2.4 3.1 1.9 1.7 2.8 2 2.5 1

180 8.4 4.2 1.5 8.8 1.5 26 3 8 0.8

X8 11.2 11.9 8.7 6.3 10.3 20 11.4 13.6 12

182 19.9 7.4 4.3 3.6 5.8 28.2 3 12.8 5



.112/ 2 _" II 2 ' t \1}11  lk' 21JJ I' h ) 22.H1 'flI

1 41Pr \I0' ,,,t

If !I'' I ( .'to 21l 2II 21 211 21+ .2~

'n/z

4+ + -') lth " I+ I V" I~l' 1? " "

106 N",~~~4 IS (X )tl ii +"

0:i 2I I I ?. 2. 22 92 \ .

124 I0. t

,2s56. 1 2.51 .

1 2! I 2 2.t 25 I1 ' S 51 -

I '2 II I. ) ). 19 t. .+1

11< 2, ,, ...2+' i,., 2. 2 9,.. 'N

1255 4 .2 It 24 4.

126 2 O'.s 1.4 -1 .6
13 0.6 ().6 1.4

139 2.4 16.3 2. 1I.8 I

140 12(1) 0.8 0..

14) 7.1 ' .

142 0.7
152 16.8 1.6

153 49.7 6.8 2.7

154 15.4 3.6

155 1.1

167 . - 0.6

181 1.3 -
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B 10

/ ;,! .5 . Alt Npo tra / n ( -- t i tc Ifl iln' /0 / 1 vI I o p/uA I lituur

.llky No I NIOc 355TMH\ 2IPr3 llBu I)c I %INo 371)MI(v K I PrI fp

.1111 2 4 224 22424 238 23N 2I 23N

111/Z
261 1 (.6 (.6 I.i 1 I 1i1

1 I1.9 S . 7.7 10.4 1 3 11.4 6.4

29 14.2 17.6 16.4 .3 17 20 Is8 7 24.

0.6 0.6 (.6

31 1.3 0.6 0.6 1.3 . 1.4

8)X.3 11.4 10.1 9 9.4 13. II

. 3 2.6 2.6 2.4 3 32

41 4. 3 0 29.4 26.8 28.7 37.1 35.6 .49.1

-12 1 18.3 12.2 11.4 14.4 19.8 13 ".2

13 ,.3 25 12.7 1 I.o 22.6 34.7 3 )1 3

4. 2., 2 .7 1.7 2.7 2. 3.1

I I ()9 0.) 0.7 (.9 NV ).I

5 7 5.6 5.3 4.4 6.1 6.9 7.2

6 6.5 2.7 2.. 7.6 ).2 7 11.2

55 25 35.9 28. 27.7 29.) 44.6 46.7 68.2

56 21 2.4 ).8 9.5 22.5 30(. 8 41.1 42.4

z,7 .7 11.6 30.1 37.2 12.7 2o.2 24.1 16.7

5 0.7 3.6 3.2 ((.7 ().L 1.6 0.6

65 (. ) 0.8 ((.8 0.8 (.6 1 (.8

06 1.1 1.1 1.6 1.2 2.2

67 6.1 7.') 5.7 5.2 8.4 1 1.1 9.6 13.1

6' 5.2 5.2 2.6 2.6 7 8.1 7.3 7

69 14.8 22 33.9 21. 18.7 33.3 39 40.8

7( 14.6 22.6 31.8 26.8 18.4I 32.9 5S.4 37.3

71 4.3 S.5 8.8 s 4.7 8.2 15.., 8.8

77 0.6 0.6 0.7 0.7 0.9 0.8 1.3

78 I - 1.2 - 1.4

79 ((.8 1.2 ((.8 I 1.3 1.1 1.2 1

1 0.6 2.9 0.9 0.8 1.1 3 1.5 3.4

81 8.9 8.7 9.5 8.9 9.7 10.6 14.2 9.5

X82 5.4 8.8 3.4 2.1 6.9 8.1 6.5 6

83 9.5 16.9 13.9 14.5 13.2 22.2 20.2 22.6

84 8.1 16.7 7 5.3 9.9 18.5 17 20.7

85 1.9 4.5 0.7 2.7 6 5 6

9 0.6 0,7 2.2 2.3 I.1 I 2.7 1.2

96 1.1 2.2 - - 1.8 3.8 3.8 3.7

97 7.2 14.8 1 1.2 8.4 18.3 12.7 30.7

98 8 13.7 4.7 5.4 7.2 19.1 7.6 19. I

99 1(1 1(X) I(X) () 1(X) 100 1(X) I(X)
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A1kO No NIOC 3 5TN1M 2MPr3NLIu De I MNo 371).M() 11I 111p

224W 22 4 224 224 )3 238 2 3M 3

1 00 2.9 2.32.9 22.3.1 22

(((1U) (9 0.9 1 ().7 () (6

109 - 0 (.7 - 0.o7

11 U) - - 0,.6 1.2 060 1.2

1 1I l.X 2.2 21.8 20.1 6.5 12.1 13'.7 1 1.9

112 0.7 - 5.6 2.9 S.2 7.4 9.6 ().s

2- ().7

1 15 O.S 15 .5 1.1 1.7 0(.7 13.2 6.5 2.2

(26 3 14.9 4.) 5S.7 1.1

140(- ().7 (.1 7.2 823.2

141 2.2 .2 2.6

(52 0.6

53 0(.6 -*-L13.4

16-1 0.7

189.6 9.

169 0.(9 I

No nonyl

I MOC I -miethyloctyl
355TM~x 3 S,5-trimethylhexyl

2MPr3MI~u 1-(2-methlylpropyl)-3-mictiylbutyI
De decyl
I MNo 1-methylnonyl

37DMOc 3,7-dIlmethyloctyl

I PrHp I 1-propylhepty)
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l ic' ( aI.A .yctr 41 d ta i cla. r C i C in telnitv l ! 'ch ill, V/ l 'rhv/p/h .,l honutiidut .

A/ C'5 C6 C6Nl 2MC'6 3MC6 4MC6 (7 ('61 21.k'6 41C'6

ifil 166 1 m) 194 194 194 194 194 208 2OX 20h

Ik
26 2.1 1.7 14 1.1 1.3 1.3

27 10.4 4.1 i 17,2 14.7 5.4 1 1.9 15.s 7.7 7.7

S.8 2.5 16 16 13.6 6.1 12.1 17.6 8.3 8.4

1 2.6 1.8 2,3 2.4 1.4 3,1 .8 1.2

1.1 -

3 3.1 - 1.3 1 1.2 - 1.3 0.6
23.1 7.6 22.5 26.4 21.9 Il 21.4 24.3 9.7 11.4

40 9.9 1.2 6.6 6.3 5.2 2 6.4 4.7 I 8 1.8

41 23,7 11.6 33.5 29.2 25.6 12.5 22.6 48.2 9.4 22

42 8.3 1 5.7 7.4 7 2.6 7 5.5 2.2 2.1

43 2.6 0.8 4.4 3.3 3.9 1.1 2.8 4.6 2.1 3

47 4.7 I 5.6 S.4 5.2 3.5 5.7 4.2 2.7 1.6

4s (.7 - (1.6 - -I

51 1'9 1.2 1.2 1.3 0.6 1.3 (1.6

51 1) 4.1 4.7 4.5 2 3.7 2.5 1.9 1.7

52 2 0.5 3.3 3.5 3.2 1.4 2.8 2.3 1.5 0.7

1 1.4 3.5 14.7 17.8 15.7 7.5 13.7 15.3 7.1 7.8

54 3. 1 19. 1 33.7 26.4 29.9 22.8 37.9 36.6 8.3 24.4

55 .(- 6.9 48.9 40 37.2 20.9 32.3 35.9 10.8 12.8

56 0.6 5.1 3.9 3.7 1.X 3 3.7 1.7 1.8

57 7.5 0.6 1.2 2.8 1.2 2.1 3.3 0.9

5 I - - - - -

63 2.3 I I 1.1 0.6 1.3 0.7 - -

65 5.4 0.6 5.6 5 4.7 2.7 5.2 4.3 1.4 2.5

66 6.2 0.7 11.2 7.5 5.5 3.5 9.4 6.5 3 2.2

67 39.6 33.2 58.2 48.7 31.1 18.8 49.7 71.1 31.4 21. 8

68 31.7 1.8 39 40.6 31.7 15.4 31.7 25.6 12.3 8.3

69 11.1 - 5.3 5.1 4.9 2 4.3 15.6 11.3 11.7

7170 0.6 - 0.6 - - 0.6 0.9 0.8 I
77 - 6.4 6.6 7.1 4.4 4.7 4.4 2.7 3.5

78 1.8 - 1.3 1.5 3.6 1.6 2.8 1.4 - 0.7

79 2.8 2.5 7.5 5.7 9.2 5.2 9.7 10.3 3,6 5.4

8) 3.7 0.6 5.4 7.2 7.8 6.4 8.8 9.1 7.2 6.2

81 1(.6 9.7 1(K) M () 94.2 56.2 53.6 90.9 !00 81.2

.82 7.1 11.3 35.1 10.7 10.2 7.4 7.6 65.6 22.2 16

183 3.9 2.9 9.4 6 6.2 5.7 9.2 9 2.1 1.1

.85 19.7 - - - - - -

86 1.7

[91 3.4 2.8 2.5 1.7 2.2 2.3 1.5 1.3
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I .lkvl C ('6 C6M 2MC'6 3MC6 4MC' ('7 ('61: 21-AC6 41.('6

AM 166 180 194 194 194 194 194 208 208 208

m/'

92 .7.8

- 32.4 I.5 (.7 1.1 1.2 2.5 1

()4 2.3 1.4 1.8 1.1 0.K

-)5 I1.8 I1. 13.3 9) 7.6 is 13.9 10

90 48.3 58I.3 41.1 24.S 24.8 1.4 - -7

C) 7 9.9 14.1 1 1.1 6.6 7.7 -

91N 8.5 1.1 4.6 8.3 8.7 8 12.3 2.2 2.5 2.4

9I(1 1() 72.4 73 100 1( W I W 1(m) 40.3 H(x)

10o 2.8 I 2 1.4 2.4 2.4 2.6 2.1 1.7

I1 1 0.9 0.7 - ).8 (x.7 (). 0.7

l08 - - - 0.9 0.7 0.6

109 ( -.,-- 3 1.6 2

1.) 34.1 38.3 23

1I I 1.7 6.9 6.1 2.9

112 - 29.9

113 .2 1.2

(23 0.7 - -

124 2.3 0.6 1.1 . -

125 7.4 (.8 6.9 3.3 2.1 6 1.6 2.3 (.8
126 1.5---

137 11.1 2.6 3.5 1.6 (.8 8.2 1.2 -

138 3 - 0.8 - 2.6 2 - 0.6

151 0.6 1.2 - I -

C5 cyclopentyi
C6 cyclohexyl
C6,M cyclohexylmethyl
2MC6 2-methylcyclohexyl
3MC6 3-methylcyclohexyl
4MC6 4-methylcyclohexyl
C7 cycloheptyl
C6Et 2-(cyclohexyl)ethyl
2EtC6 2-ethylcyclohexyl
4EtC6 4-ethylcyclohexyl
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lab/c - .1lsp .yectlal data (m -. relative intellitv) of uvchamlkA' mi vth') cpht)nofl uo Iidatit's

Alkv/ 221)MC6 261)MC6 351)MC6 C8 C6Pr 2iPr5MC6 4tlLIC'6

1i it 208 208 208 208 222 236 236

m/z

26 - - 1.1 0.7 - 0.9

27 8.6 9.1 7.4 11.9 3 7 8.1

29 8.1 8.9 8.5 11.6 3 6.5 I 1.2

S2.3 0.8 4.8 5 0.6 0.6

38 0.9 0.6 - 0.9 I.1

20.5 15.8 13.9 28.2 6.9 9.4 15.8

40 4,5 3.5 3.1 4.9 1.4 1.9 3

41 32,8 26.3 24.5 49.1 16.2 23.9 43.1

42 3.8 3.1 3.8 6.1 2.6 2.5 3

43 6.9 2.9 3.3 4.1 1.4 8.5 6.2

47 5.2 2.3 7.2 8.1 1.2 1.2 1.2

4S 0.7 - 1.6 1.8 -

14 0.6 1.5 1.8 0.,6 1.9

51 4.8 2.6 2.7 4.1 1.6 2.1 4.6

2,7 15 1.9 4.9 1.1 1.8 3.3

53 15.9 10.2 9.3 15.7 5.6 8.6 10.6

54 11,4 8.5 3.7 65.9 9.2 4.8 9.6

26.5 25 23.4 28.2 23.9 22.5 12.9

56 79 3.6 3.2 8.2 1.4 3 10.8

57 1.2 2 I 2.4 0.8 4.7 1(X)

58 4.7

63 1.8 0.7 1.8 2.3 0.6 1.1

64 - - 0.6 0.7 -

65 7.6 3.6 4 5.6 2.4 3.4 4.1

66 17,5 2.6 4.5 10.7 3 1.7 3.1

67 77 34 31.9 98.2 32.7 32.4 40.5

68 40.9 25.5 42.1 47.7 12.6 12.4 3.9

69 39.1 12.9 19.9 27.7 4.1 9.2 15.4

70 2.1 0.7 1.1 1.5 1.5 3.6

71 0.5 0.5 0.9 0.5 - 1.8

77 11.8 5.1 6.2 6.6 4.4 5.9 11.6

78 2.7 0.6 5.7 7.3 2.1 1.8 9.7

79 9.6 2.3 2.5 3.1 11.1 9.6 24

(8 12.6 4 15.4 24.7 5.8 7 36.7

.81 60.3 33.3 28.2 80.5 58.2 67.8 38.2

182 86.1 26.1 15.1 90.6 36.4 25.6 32.3

83 19 4.6 24.1 33.9 19.1 10.4 9.1

2484 - 0.8 3.8

91 9 3.7 6.2 2.8 4.9 5 7.6
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libc7 1 coptnined)

tlkyl 22DNMC6 26M)N1C6 351)NIC6 (8 C61'r 2i1fr5INC6 40iu('6

,' 208 218 208 208 222 236 236

m:

92 .1 11.6 9 (1.4 1.2 1.2 1 .5
()3 I .3 3.) 6.2 2.1 3.6 6.4 4.1

94 2.4 1.1 1.2 3 10.4 2.2

Q5 I(M) IW) I (X 34.6 15.4 ((Wl 11.2

96 I 1.8 12.6 10.7 2.4 49.1 21.5 5.4

97 - 0.5 3.3 2.7 1.6
98 14.3 3.2 28 34.9 2.2 3.3 3

99 61.4 35 62 ((X (X 33.6 56.2

(00 I 1.5 1.1 1.7 1.4 10.7
113 - 0.5 - .8

I05 0.6 0.9 1.1 1 2.3

107 (L - 0.7 1.5 2.2 (.4 2

(08 2 0.7 1.7 I -

109 6.4 3.3 7.9 2.5 3.4 8.1 1.6

110 64.8 38.3 44.4 51.5 2

(11 14.5 6.6 6.3 9 2.8 -

( 12 (.9 - 0.5 -

115 0.6 0.9 (1.6

((7 - 1.3 0.6

18 I

119 1.5 - (.8 5.1

120 - .1 - 0.7

121 - .6 3.4

122 3.5 - 1.7

123 - - 1.3 39.7 20.8

124 (1.5 - 0.8 17.1 3.8 2.2

125 9.7 1 .9 9.9 1.7 1.3 -

127 - - .7 - -

134 - - (.8
136 - (.1 2.6

)37 2.6 - 6.9 1.2 0.7

138 0.8 0.9 2.1 - 44 18.6

1 139 0.5 - 0.5 0.6 5.4 1.9

151 0.8 0.7 1.2 - -
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22'DMC6 2,2-dirnetly Icyclohexyl
26DMC6 2,6-diniethy Icyclohlexy I
35 DMC6 3 .5-ditilethylcyclohexyl
(C8 cyclooctyl
C6Pr 3-(cyclohexylbpropyl
2iPrSMC6 2-isopropyl-5-mcithylc~clohcxyI (mienthyl)
4t13uC6 4-t-hutvlcyclohexy I



ONGERUBRICEERD

REPORT DOCUMENTATION PAGE
(MOD NL)

DEFEI'iNSE REPORT NUMBER iMOD RECIPIENI'S ACCESSION NUMBER 3 PERFORMING ORGANIZATiON

NL) REPORT NUMBER

I'D 94 -0 0 PM1,1994-A24

-. PROJECT TASKMWORKUNIT NO 5. CONTRACT NUMBERS 6. REPORT DATE

21 4494036 2 14494035S A93 KL- 424,A931).402 Rik 1994

7 NUMBERH OF PAGES 8. NUMBER OF REFERENCES 9. TYPE OF RE PORTI AND DATE S

pIin Annexes, excl. RDP and distr list) COVERED

(3 2 Anncxcs I 1 0 Final

0 TITLE AND SUBTITLE

qisssectral data ol ' -dv an nicllt\~ IIphIIIOs phon1'otLoridates

I.R.J. \\'it. A.. die JonL

2 P ERF ORMING ORGANIZATION NAME(SI AND ADRE SSIES)

1,,V PrWins Nianrit s Laboratory. Lan K ci es c3 31
1)( 0, Ro\ -45. 228(1 AA Rijsw,-Ik. The Ncthcrlanu-s

3 SPONSORING AGENCY NAME(S) AND ADDRESS E 7S

I).(). Ro.x 90822. 25 09 L-V The I lacluc

'SUPPLEMENTARY NOTES

The clis',i fcation designation: ( N( I-RI BR IC'I-IERD Is cquisalcnt to:IiNCIASS IFIl)

5 ABSTRACT (MAXIMUM 200 WORDS~ 11. 04 BYT E),

Li1ciron Impact (ElI) mass spctra (it o (A) 60 a and cycloaly [Il III N, lmch Iphlosphonot 0 nloridaic s

alk\I c\ cloalkyl <- CI O) wiere iecoidcd and takcnl Lip in databases. Each compound sa prcparcd In sl)t

nli\iflg an alcohol with ehlpophndtiirIde Ol owed by gas chrioiatogra phlic -maiss spectrometriic
anaissi s (GC- MS ) of* the reactin 11 in i .ruc. The ichoice (it the alcohols was restrictcd lo rclat iveci

inexpcnsike. primary and secondarN alcohlol.i Fel[-' mass spectra and a short description of thle
tragmnent at ion patterns of the miethv .l~lhosphlonlofltoridlates are presented.

!6. DESCRIPTORS IDENTIFIERS

Databases Mass Spectra
Gas Chromatography IMethyiphosphonotluoridates
Mass Spectroscopy
Alcohols

1 7A. SECURITY CLASSIFICATION 7B SECURITY CLASSIFICATION 17i. SECURITY CLASSIFICATION
(OF REPORT) (OF PAGE) (OF ABSTRACT)

ONGERU BRICEERD ONGERU BRICEERD ONGERU BRICEERD

18. DISI HIBUTIUNs AVAILABILITY STATEMENT t-170. SECURITY CLASSIFICATION
(OF TITLES)

Unlimited Distribution ONGERUBRICEERD



D~I,,trIbuLI \I 

4 IWK1

11rW .\ Ini

D IL 11\ W I)LAN. f)tIP ' 16AI

Lt. Kol . C NieL]%\ CflhlU\NSC

I ( Btr~~ti N( lf Inwjonder,'ock

I Lid In1I,1LMui\ Ad\. ie,> Raid l'NIl.
["rot. dr. 1: N I I ono2

2: Lji In1111tIun" :x icN Ra.id 11\11-
P101t. L11. I '.. Th. 1311ikindi,

I TN( - PI I.. I rcclur ddIrn.1-1, f-CC \ C

I 4 TN( -P\I1 I IvCClCur PrOL2raInrna-: daIrnIa reSCr\ C

I 5 TN( -PNII Hoo I o Ii' D I\Csi FomiSChc Stoffcn
Dr. ir. J \lcdcna

16 I S TNO-PIL. IDv im 'I om\cI)C StotIfen
Dr. 1r. M.S. NietCnu'.\ nhu, FRi Wils. ,N.L. de Jon,-

19 TN( -PM il . D curtam~ltieI

20 TN()-P;ML Archief

Lk- met cen amerisk ,engcierkic inantnies. prrsonen Ontvangen klitsimicnd de meltpagina.
het nianagenlienluillreksel. de dWOcuneniatiepagina en de distrihutlihst van het rapport.


